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A MEASURE for the higher degrees of heat, fuch as the 
common thermometers afford for the lower ones, would 
be an important acquifition, both to the philofopher and the 
practical artift. The latter muff feel the want of fuch a meafure 
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306 j 4 » Attempt to make a Thermometer 

on many occasions ; particularly when he attempts to follow, or 
apply to ufe, the curious experiments of Mr. pott, related in, 
his Lithogeognofia, and other modern writers upon fimilar 
fubjech. When we are told, for inftance, that fuch and fuch 
materials were changed by fire into a fine white, yellow, green,, 
or other coloured glafs: and find, that thefe effeCts do 
not happen, unlefs a particular degree of fire has fortunately 
been hit upon, which degree we cannot be fure of fucceeding 
in again :—when we are clifappointed, by having the refult at* 
fome times an unvitrified mafs, and at others an over-vitrified 
fcoria, from a little deficiency or excefs of heat:—when we fee 
colours altered, not only in fhade but in kind, and in 
many cafes deflroyed, by a fmall augmentation of the heat 
which had produced them ; infomuch, that in the gradual in- 
creafe of the fire, a precife moment of time mu ft be happily 
feized, in order to catch them in perfection :—and when incon¬ 
veniences, fimilar to thefe, arife in operations, by fire upon 
metals and other fubftances:—how much is it to be wifhed, 
that the authors had been able to convey to us a meafure of the 
heat made ufe of in their valuable proceffes! 

In a long courfe of experiments, for the improvement of the 
manufacture I am engaged in, fome of my greateft difficulties 
and perplexities have arifen from not being able to afeertain the 
heat to which the experiment-pieces had been expofed. A red, 
bright red , and white heat , are indeterminate expreffions; and' 
even though the three ftages were fuffkiently diftinCt from 
each other, they are of too great latitude ; as the brightnefs or 
luminoufnefs of fire increafes, with its force, through nume¬ 
rous gradations, which can neither be expreffed in words, nor 
diferiminated by the eye. Having no other refource, I have 
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been obliged to content myfeif with finch meafures as my own 
kilns and the different parts of them afforded. Thus the kiln in 
which our glazed ware is fired furnifhes three meafures* the 
bottom being of one heat, the middle of a greater, and the 
top ftill greater: the kiln in which the bifcuit ware is fired 
furnifhes three or four others, of higher degrees of heat; and 
by thefe I have marked my regiffcered experiments. But 
though, thefe meafures had been fully adequate to my own 
views, which they were not, it is plain, that they could not 
be communicated to others ; that their ufe is confined to a par¬ 
ticular ftrudture < >f furnaces, and mode of firing; and that, 
upon any alteratu n in thefe, they would become ufelefs and 
unintelligible, even where now they are befl known. And, 
indeed, as this pa t of the operation is performed by workmen 
of the lowefl claf , we cannot depend upon any great accuracy 
even in one and he fame furnace. It has accordingly often 
happened, that tb s pieces fired in the top of the kiln in one 
experiment have l een made no hotter than thofe fired in the 
middle in another, and vice verfa. 

The force of fii e, in its higher as well as lower ftages, can 
no otherwife be jv flly afcertained than by its effects upon fome 
known body. Its effefit in changing colours has already been 
hinted at; and I have obferved competitions of calces of iron 
with clay to affume, from different degrees of fire, fuch a 
number of diftinft colours and fhades as promifed to afford 
ufeful criteria of the refpe£tive degrees. 

With this idea, I prepared a quantity of fuch a compofition, 
and formed it into circular pieces, about an inch in diameter, 
and a quarter of an inch thick. A number of thefe was placed 
in a kiln, in which the fire was gradually augmented, with as 
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much uniformity and regularity as poffible, for near fixty 
hours. The pieces, taken out at equal intervals of time during 
this fucceflive increafe of heat, and piled in their order upon 
one another in a glafs tube, exhibited a regular and pretty ex- 
tenfive feriesof colours ; from a flefh-colour to a deep browniih- 
red, from thence to a chocolate, and fo on to nearly black, 
with all the intermediate tints between thefe colours. A back 
being fixed to the tube, like the fcale of a thermometer, and the 
numbers of the pieces marked upon it refpe&iveiy oppofite to 
them, it is obvious, that thefe numbers may be confidered as 
fo many thermometric divifions or degrees; and that, if ano¬ 
ther piece of the fame compofition be fired in any other kiln 
or furnace, not exceeding the utmofi: heat of the firft, it will 
acquire a colour correfponding to fome of the pieces in the 
tube, and thus point out the degree of heat which that piece, 
and confequently fuch other matters as were in the fire along 
with it, have undergone. 

It muft however be confeffed, that, for general ufe, a ther¬ 
mometer on this principle is liable to objection, as ideas of co¬ 
lours are not perfectly communicable by words; nor are all 
eyes, or all lights, equally adapted for diftinguilhing them, 
cfpecially the {hades which approach near to one another; and 
the effects of phlogiftic vapours, in altering the colour, may 
not in all cafes be eafily guarded again ft. 

In confidering this fubjebt attentively, another property of 
argillaceous bodies occurred to me ; a property which obtains, 
in a greater or lefs degree, in every kind of them that has come 
under my examination, lb that it may be deemed a difiinguifh- 
ing character of this order of earths: I mean, the diminution of 
their bulk by fire ; I have the fatisfadtion to find, in a courfe 
5 of 
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of experiments lately made with this view, that it is a more 
accurate and extenfive meafure of heat than the different (hades 
of colour. 

I have found, that this diminution begins to take place in a 
low red-heat; and that it proceeds regularly, as the heat in- 
creafes, till the clay becomes vitrified, and confequently to the 
utmoft degree that crucibles, or other veflels made of tins ma¬ 
terial, can fupport.. The total contra&ion of fomc good clays 
which I have examined, in the ftrongeft of my own fires, is 
confiderably more than one-fourth part in every dimenfion. 

If, therefore, we can procure at all times a clay fufficiently 
apyrous or unvitrefcible, and always of the fame quality in 
regard to contraction by heat; and if we can find means of 
meafuring this contraction with eafe and minute accuracy, L 
flatter myfelf, that we fhall be furnifhed with a meafure of 
fire fufficient for every purpofe of experiment or bufinefs. 

We have, in different parts of England, immenfe beds of 
clay; each of which, at equal depths, is pretty uniform in 
quality throughout its whole extent. Of all the forts I have 
hitherto tried, fome of the pureft Gornifh porcelain clays feem. 
the heft adapted, both for fupporting the intenfity, and mea¬ 
furing the degrees, of fire. 

For preparing and applying, this material to thermometric 
purpofes the following method is propofed. 

The clay is firfl: to be wafhed over, and, whilfi: in a dilute 
(late, paffed through a fine lawn. Let it then be made dry,, 
and put up in boxes *, 

* While the clay is thus kept dry in boxes, as well as while rt continues in its 
natural bed, it is fecure from alterations in quality, which clays in general are 
fubjeft to undergo, when expofed, for a long courfe of years, to the joint a&ions 
of air and moillure, —In the lawns 1, made ufe of, the intcrftices were each lefs 
than the ioc,ooo part of an inch. 
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The dry clay is to be foftened, for ufe, with about two fifths 
of its weight of water ; and formed into fmall pieces, in little 
moulds of metal, fix-tenths of an inch in breadth, with the 
fides pretty exadtly parallel, this being the dimenfion intended 
to be meafured, about four-tenths of an inch deep, and one 
inch long. To make the clay deliver eafily, it will be necefiary 
to oil the mould, and make it warm. 

Thefe pieces, when perfedtly dry, are put into another iron 
mould or gage, confifting only of a bottom, with two fides, 
five-tenths of an inch deep ; to the dimenfions of which fides 
the breadth of the pieces is to be pared down. 

For meafuring the diminution which they are to fufFer from 
the adtion of fire, another gage is made, of two pieces of brafs, 
twenty-four inches long, with the fides exadtly ftraight, divided 
into inches and tenths, fixed five tenths of an inch afunder at 
one end, and three-tenths at the other, upon a brafs plate; fo 
that one of the thermometric pieces, when pared down in the 
iron gage, will juft fit to the wider end. Let us fuppofe this 
piece to have diminifhed in the fire one-fifth of its bulk, it will 
then pafs on to half the length of the gage; if diminilhed 
two-fifths, it will go on to the narroweft end; and in any 
intermediate degree of contraction, if the piece be Aid along 
till it refts againft the converging fides, the degree at which it 
ftops will be the meafure of its contradtion, and confequently 
of the degree of heat it has undergone.' 

Thefe are the outlines of what appears to me neceflary for 
the making and ufing of this thermometer; and it is hoped, 
that the whole procefs will be found fufficiently Ample, and 
eafy of execution. It may, neverthelefs, be proper to take 
notice of a few minuter circumftances, and to mention 

fome 
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fome obfervations which occurred in the progrefs of the 
inquiry. 

L There ought to be a certainty of the clay being eafilyy 
and at all times, procurable in fufficient quantity, and on mo¬ 
derate terms. That this is the cafe with the clay here made 
choice of, will be evident to every one acquainted with the 
natural hiflory of Cornwall, where there are beds of this clay, 
inexhauflible, and in too many hands to be monopolized. If 
this fhould not prove fatisfaclory, the author offers to this 
illuftrious Society, and will think himfelf honoured bv their 
acceptance of, a fufficient fpace in a bed of this clay to fupply 
the world with thermometer-pieces for numerous ages ; and he 
does not apprehend, that any greater inconveniences can arife 
to foreign artifls or philofophers, from their being flip- 
plied with clay for thefe thermometers from this fpot only, 
than what we now feel from being fupplied with mercury 
for the common thermometers from the Spanifh or Hungarian, 
mines. 

II. We ought to be allured alfb,. that all the clay made ufe 
of for thefe thermometers is perfectly fimilar. For this pur- 
pofe, it will be befl to dig it out of the earth in confiderable 
quantity at once, an extent of fome fquare feet or yards in 
area, and to the depth of fix or feven yards or more from the 
furface, and to mix the whole thoroughly together, previous- 
to the further preparation already mentioned. When the firff 
quantity is exhaufted, another perpendicular column may be 
dug from the fame bed, dole to the firft, to the fame depth, 
and prepared in the fame manner; by which means we may be 
affined of its fimilarity with the former parcel, and that it will; 
diminifh equally in the fire... 

4 . ' " HR. 
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III. This clay, dried by the fummer heat, or in a mode¬ 
rately warm room, or with more heat before a fire, has not 
been obferved to differ in degree of drynefs. After being fo 
dried, it lofes about a hundredth part of its weight in the heat 
of boiling water, about as much more in that of melted lead, 
and from thence to a red-heat ten parts, in all Each of 

thefe heats foon expels from the clay its determinate quantity 
of matter, chiefly air; after which, the fame heat, though 
continued for many hours, has no further effect. I had fome 
hopes., that the graduation of the common thermometer might 
be continued, upon this principle, up to the red-heat at which, 
the fhrinking of the clay commences, fo as to connect the two 
thermometers together by one feries of numbers ; but the lofs 
of weight appears not to be fufliciently uniform or proportional 
to the degree of heat to anfwer that purpofe; for it was found 
to go on quicker, and bladders tied to the mouths of the veflels 
in which the pieces were heated, became more rapidly diffended, 
at the commencement of rednefs than at any other time. From 
low red-heat to a ftrong one, fuch as copper melts in, the lofs 
of weight was only about two parts in a hundred ; though the 
difference between thefe two heats appears to be much greater 
than what the fame lofs correfponds to in the lower ftages. 
After this period, the decrenle of weight intirely ceafed. 

The vapours expelled from the clay, caught feparately in 
the different degrees of heat, feemed, from the few trials 
made with them, to confift of common air mixed with fixt 
air. They ail precipitated lime-water; that which was firfl: 
extricated, exceeding w eakly ; the others more and more confi- 
derably; but the raft not near fo ftrongly as the air expelled 
from lime-flone in burning. None of them were inflammable. 

IV, 
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IV- The thermometric pieces may be formed much more 
expeditioufly than in the Angle mould, by means of an inftru- 
ment ufed for fimilar purpofes by the potters. It confifts of a 
cylindrical iron veflel, with holes, in the bottom, of the form 
and dimenfions required. The foft clay, put in the veflel, is 
forced by a prefs down through thefe apertures, in long rods, 
which may be cut while moift, or broken when dry, into 
pieces of convenient lengths. It was hoped, that this method 
would of itfelf have been fufficient, without the addition of 
the paring gage, making proper allowance, in the :fize of the 
holes, for the Ihrinking of the clay in drying. But it was 
found, that a variety of little accidents might happen to alter 
the Ihape and dimenfions of the pieces,, in a fenfible degree, 
while in their foft ftate ; fo that it will be always fafeft to have 
recourfe to the paring gage, for afeertaining and adjufting their 
breadth when perfectly dry, this being the period at which the 
pieces are exactly alike with regard to their future diminifhing; 
fo that if they are now reduced to the fame breadth, we may 
be fure that they will fuffer equal contractions from equal de¬ 
grees of heat afterwards, whether they have been made in a 
mould, or by a prefs, or in any other way ; neither is any varia¬ 
tion in the length or thicknefs of thefe pieces of the leaf: con- 
fequence, provided one of the dimenfions, that by which they 
are afterwards to be meafured, is made accurate to the gage. 

V. It will be proper to bake the pieces, when dry, with, a 
low red-heat, in order to give them fome firmnefs or hardnefs, 
that they may, if neceflary, be able to bear package and car¬ 
riage ; but more efpecially to prepare them for being put into 
an immediate heat, along with the matters they are to ferve as 
meafures to, without burfting or flying, as unburnt clay would 
Vol. LXXII. T t ‘ do. 
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do. We need not be folicitous about the precife degree of 
heat employed in this baking, provided only that it does not 
exceed the lowed: degree which we fhall want to meafure in 
practice; for a piece that has buffered any inferior degrees of 
heat, anfwers as well for meafuring higher ones as a piece 
which has never been expofed to fire at all. In this part of the 
preparation of the pieces, it may be proper to inform the ope¬ 
rator of a circumftance, which, though otherwife immaterial, 
might at firft difconcert him : if the heat is not in all of them 
-exactly equal, he will probably find, that while fome have 
begun to fhrink, others are rather enlarged in their bulk ; for 
they all fvvell a little juft on the approach of rednefs. As this 
is the period of the moft rapid produce of air, the extenfion 
may perhaps be owing to the air having at this moment become 
elaftic to fuch a degree, as to force the particles of the clay a 
little afunder before it obtains its own enlargement. 

VI. Each divifion of the fcale, though fo large as a tenth 
of an inch, anfwers to T -*^th part of the breadth of the little 
piece of clay. We might go to much greater nicety, either 
by making the divifions fmaller, or the fcale longer ; but it is not 
apprehended, that any thing of this kind will be found necef- 
fary : and, indeed, in proceeding much further in either way, 
we may poflibly meet with inconveniences fufficient to counter¬ 
balance the apparent additional accuracy of meafurement. 

VII. The divifions of this fcale, like thole of the common, 
therinometers, are unavoidably arbitrary; but the method here 
propofed appears fufficiently commodious and eafy of execu¬ 
tion, the divifions, being adjufted by meafures everywhere 
known, and at all times obtainable: for however the inches 
fifed in different countries may differ in length, this cannot 

affect 
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affeft the accuracy of the (bale, provided that the proportions 
between the wider and narrower end of the gage are exactly as 
five-tenths of thofe inches to three-tenths, and the length 240 
of the fame tenths; and that the pieces in their perfectly dry 
hate, before firing, fit precilely to the wider end. When one 
gage is accurately adjufted to thefe proportional meafures, two 
pieces of brafs fliould be made, one fitting exactly into one 
end, and the other into the other : thefe will fefve as itandards 
for the ready adjuftment of other gages to the dinaenfions of 
the original. 

By this Ample method we may be affured, that thermome¬ 
ters on this principle, though made by different perfons, and 
in different countries, will all be equally affe&ed by equal de¬ 
grees of heat, and all fpeak the fame language: the utility off 
this la ft circumftance is now too well known to need being 
iufifted on. 

VIII. If a fcale two feet in length ftiould be reckoned incon¬ 
venient, it may be divided into two, of one foot each, by 
having three pieces of brafs fixed upon the fame plate; the 
firft and fecond, five-tenths of an inch apart at one end, and 
four-tenths at the other; the fecond and third, four-tenths at 
one end, and three-tenths at the other; fo that the firft reaches 7 
to the 120th divifioB, and the fecond from thence to the 
240th. 

IX. As this thermometer, like all others, can exprefs only 
the heat felt by itfelf, the operator muft be careful to expofe 
the pieces to an equal aftion of the fire with the body 
whofe heat he wants to meafure by them. In kilns, ovens, 
reverberatories, under a muffle, and wherever the heat is 
pretty fteady and uniform, the means of doing this are too 
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obvious to need being mentioned. But in a naked fire, 
where the heat is neceffariiy mote fluctuating, and une¬ 
qual in different parts of the fuel, fome precaution, will be: 
required. 

The thermometer-piece may generally be put into the cru¬ 
cible, along with the fubjeCl-matter of the experiment. But: 
where the matter is of fuch a kind as to melt and flick to it, 
the piece may be previoufly inclofed in a little cafe made of 
crucible clay. The fmallnefs of the pieces will admit of this, 
being done without inconvenience, at leafl in any but the. 
fmallefl crucibles, as the pieces themfelves may be diminifhed 
to any fize that may be found proper, provided only that one* 
of the dimenfions, five-tenths of an inch, be preferved, as, 
mentioned in Obf 4. 

For the very fmallefl fort of crucibles, the cafe may be put 
in clofe to the crucible, fo as to form as it were an addition to, 
its bulk on the outfide. If it be afked, why the cafe is not always 
thus put in by the fide of the crucible ? it is anfwered, that in/ 
judging of the heat of large crucibles from a thermometer- 
piece placed on the outfide of them, we may fometimes bo 
deceived, as the piece in its little cafe has been found to heat- 
fooner than the matter in the larger veffel; but i i\ Jmall ones, 
qs the crucible and cafe are nearly alike in bulk, there is little 
danger of error from this caufe. 

X. Thefe thermometer-pieces poffefs fome lingular proper¬ 
ties, which we could not have expected to find united in any 
fubflance whatever, and which peculiarly fit them for the 
purpofes they are here applied to. 

1, When baked by only moderate degrees of fire, though 
they are, like other clays, of a porous texture, and. imbibe. 

7 water 5 
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water; yet, when faturated with the water, their bulk con¬ 
tinues exactly the fame as in a dry hate. 

2. By very drong fire, they are changed to a porcelain or 
femi-vitreous texture; neverthelefs, their contradion, on fur¬ 
ther augmentations of the heat, proceeds regularly as before, 
up to the highed degree, of fire, that, I have, been, able to. 
produce.. 

3. They bear fudden-alternatives of heat and cold ; may be 
dropped at once into intenfe fire, and, when they have received, 
its heat, maybe plunged as. fuddenly into cold water, without 
the leaf! injury from either, 

4. Even while faturated with water in their porous date,. 
they may be thrown immediately into a white heat, without, 
burding or buffering any injury. 

5. Sudden cooling, which alters both the bulk and texture, 
of mod: bodies, does not at all affed thefe, at lead not in 
any quality fubfervient to their thermometric ufes, 

6. Nor are they affeded by long continuance in,.but folely by, 
the degree of heat they are expofed to. In three minutes or 
lefs, they; are perfectly penetrated, by the heat which ads-upon 
them, fo as to receive the full contraction which.that degree 
of heat is capable of producing equally with thofe which had 
undergone its adion.during a gradual increafe of its force for 
many hours. Strong degrees of heat are communicated to. 
them with more celerity than weak. ones: perhaps the heat 
may be more readily tranfmitted, in proportion, as the texture 
becomes more compad. 

Thefe fads have been afeertained by many experiments, the 
particulars of which are omitted, becaufe they would fwell 
this paper much beyond the bulk intended. 
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XI. The ufe and accuracy of this thermometer for mea¬ 
furing, after an operation , the degree of heat which the matter 
has undergone, will be apparent. The foregoing properties 
afford means of meafuring it alfo, eafily and expeditioufly, 
during the operation , fo that we may know when the fire is in- 
creafed to any degree previpufly determined upon. The piece 
may be taken out of the fire in any period of the procefs, and. 
dropped immediately into water, fo as to be fit for meafuring 
by the gage in a few feconds of time. At the fame inftant, 
another piece may be introduced into the place of the former, 
to be taken out and meafured in its turn ; and thus alternately, 
till the defired degree of heat is obtained. But as the cold 
piece will be two or three minutes in receiving the full heat, 
and correfponding contraction ; to avoid this lots of time, it 
may be proper, on fome occafions, to have two or more pieces, 
according to convenience, put in together at firft, that they 
may be fucceffively cooled in water, and the degrees of heat 
examined at fhorter intervals. It will be unneceflary to fay 
any thing further upon precautions or procedures which the 
very idea of a thermometer mull fuggeft, and in which it is 
not apprehended that any difficulty, can occur, which every 
experimenter will not readily find means to obviate. 

XII. It now only remains, that the language of this new' 
thermometer be under flood, and that it may be known what 
the heats meant by its degrees really are. For this purpofe a 
great number of experiments has been made, from which the 
following refuits are fele&ed. 

The fcale commences at a red*heat, fully vifible in day¬ 
light ; and the greatefl heat that I have hitherto,-obtained in 
my experiments is 16o°. This degree I have produced in an 
air-furnace about eight inches fquare. 

3 Mr. 
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Mr. alchorne has been fo obliging as to try the neceflary 
experiments with the pure .metals at the Tower, to afcertain at 
what degrees of this thermometer they go intofufion; and it 
appears, that Swedilh copper melts at 27, diver at 28, and 
gold at 32. 

Brafs is in fufion at ,21.. Neverthelefs, in the brafs ,a»d s cop¬ 
per founderies,. the workmen carry their fires fo 1 40° and up¬ 
wards : dor what, purpofe they fo far exceed the melting heat,, 
or whether fo great an additional heat be really •necellaryj.T 
have not learnt. 

The welding heat of iron is from 90 to 95 ; and the greatefB 
heat that could be produced in a common fniitlfs forge 125. 

Caft iron was fovmd to melt at 130°, both in a crucible in,my' 
own furnace, and at the foundery ; but could not be brought into' 
fufion in the fmith’s forge, though that heat is only f lower. 
The heat by which iron is run down among the fuel for calling; 
is 150°. 

As the welding date of iron is a foftening or beginning 
fufion of theTurface, it has been generally thought that cad 
iron would melt with much lefs heat than what is necedary for 
producing this effeft upon the forged; whereas, on the con¬ 
trary, cad iron appears to require, for its fufion, a heat exceed¬ 
ing the welding heat 35 or 40°, which is much more than the 
heat of melted copper exceeds the lowed vifible rednefs. 

Thus we find, that though the heat for melting copper is by 
fome called a white heat, it is only 2 7 0 of this thermometer. 
The welding heat of iron, or 90°, is likewife a white heat ; 
even 130°, at which cad iron is in fufion, is no more than a 
white heat; and fo on to 160° and upwards is all a white heat' 
dill. This (hews abundantly how vague fuch a denomination mud' 
be, and how inadequate to the purpofe of giving us any clear 



'32o An Attempt to make a 'Thermometer 

ideas of the* extent of what we have been accuftomed to con- 
fider as one of the three divilions of heat in ignited bodies. 

A Heffian crucible, in the iron foundery, viz. about 150% 
'melted into a flag-like fubftancc. Soft iron nails, in a Hef- 
fian crucible in my own furnace, melted into one mafs with 
•the bottom of the crucible, at 154 0 : the part of the crucible 
above the iron was little injured. 

The fonding heat of the glafs furnaces I examined, or that by 
which the perfect vitrification of the materials is produced, was 
at one of them 114 0 for flint-glafs, and 124 0 for plate-glafs ; 
at another it was only 70° for the former, which (hews the 
inequality of heat, perhaps unknown to the workmen them- 
felves, made ufe of for the fame purpofe. After complete 
‘vitrification, the heat is abated for fome hours to 28 or 29 0 , 
which is called the fettling heat; and this heat is fufficient for 
keeping the glafs in fufion. The fire is afterwards increafed, 
for working the glafs, to what is called the working heat; and 
.this I found, in plate-glafs, to be 57 0 . 

Delft ware is fired by a heat of 40 or 41 0 ; cream-coloured, 
or Queen’s ware, by 86°; and {tone ware, called by the French 
pots de gres, by 10 z°: by this ftrong heat, it is changed to a 
true porcelain texture. The thermometer-pieces begin to 
acquire a porcelain texture about 110°. 

The above degrees of heat were afcertained by thermometer- 
pieces fired along with the ware in the refpedtive kilns. But 
-this thermometer affords means of doing much more, and 
going further in thefe meafures than I could at fir ft even have 
«xpe£ted ; it will enable us to ascertain the heats by which 
•many of the porcelains and earthen wares of diftant nations 
•and different ages have been fired: for as burnt clay, and com- 
pofitions in which clay as a prevailing ingredient, fuffer no 

diminution 
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diminution of their bulk by being re-paffed through degrees of 
heat which they have already undergone, but are diminifhed 
hy any additional heat (according to Obf. V.), if a fragment 
of them be made to fit into any part of the gage, and then 
fired along with a. thermometer-piece till it begins to diminifh, 
the degree at which this happens points out the heat by which 
it had been fired before. Of feveral pieces of ancient Roman 
and Etrufcan wares, which I have examined, none appear to 
have undergone a greater heat than 32 0 , and none lefs than 
20 0 ; for they all began to diminifh at thofeor the intermediate 

By means of this thermometer fome interefling properties of 
natural bodies may likewife be difcovered or more accurately 
determined, and the genus of the bodies afcertained. Jafper, 
for inflance, is found to diminifh in the fire, like an artificial 
mixture of clay and filiceous matter ; granite, on the contrary, 
has its bulk enlarged by fire, whilfk flint and quartzofe ftones 
are neither enlarged nor diminifhed. Thefe experiments were 
made in fires between 70 and §0° of this thermometer. A fuf- 
ficient number of fails like thefe, compared with each other, 
and with the properties of fuch natural or artificial bodies as 
we wifh to find out the compofition of, may lead to various 
difcoveries, of which I have already found fome promifing 
appearances; but many more experiments are wanting to ena¬ 
ble me to fpeak with that certainty and precifion on thefe 
iubjcdls which they appear to deferve. 

A piece of an Etrufcan vafe melted completely at 33 0 ; 
pieces of fome other vafes and Roman ware about 36° ; Wor- 
cefler china vitrified at 94 0 ; Mr. sprimont’s Clielfea china 
ati05°; the Derby at x 12 0 ; and Bow at 121°; but Briftol china 
Chewed no appearance of vitrification at 135°. The common fort 
Vol. LXXII. U u of 




322 An Attempt to make a Thermometer 

of Chinefe porcelain does not perfectly vitrify by any fire I 
could produce; but began to foften about 120°, and at 156° 
became fo foft as to fink down, and apply itfelf clofe upon a 
very irregular furface underneath. The true flone Nankeen, 
by this flrong heat, does not foften in the leaffc; nor does it 
even acquire a porcelain texture, the unglazed parts continuing 
in fuch a Hate as to imbibe water and flick to the tongue. The 
Drefden porcelain is more refra&ory than the common Chinefe, 
but not equally fo with the flone Nankeen. The cream- 
coloured or Queen’s ware bears the fame heat as the Drefden, 
and the body is as little affedted by this intenfe degree of fire,. 

Mr. pott fays, that to melt a mixture of chalk and clay in 
certain proportions, which proportions appear from his tables 
to be equal parts, is. “ among the mailer-pieces of art.” This 
mixture melts into a perfect glafs at 123 0 degrees of this ther¬ 
mometer. 

The whole of Mr. pott’s or any other experiments may, 
by repeating and accompanying them with thefe thermometric 
pieces, have their refpedtive degrees of heat afcertained, and 
thereby be rendered more intelligible, and ufeful, to the reader, 
the experimenter, and the working artifl. 

I flatter myfelf that a field is thus opened for a new kind of 
thermometrical inquiries ; and that we fhall obtain clearer ideas 
with regard to the differences of the degrees of flrong fire, and 
their correfponding effects upon natural and artificial bodies ; 
thofe degrees being now rendered accurately meafurable, and 
comparable with each other, equally with the lower degrees of 
heat which are the province of the common mercurial thermo¬ 
meter. 
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for meafuring the higher Degrees (f Heat , fife. 323 


A P P E N D I X. 

ANALYSIS OF THE CLAY OF WHICH THE THEiRMOMETRIC 
PIECES ARE FORMED. 

THIS clay makes no effervefcence with acids. Diluted ni¬ 
trous and marine acids being boiled upon it, and afterwards 
faturated with fixed alkali, no precipitation or turbidnefs ap¬ 
peared. It therefore contains no calcareous earth, as that earth 
would have been diffolved by the acids, and precipitated from 
them by the alkali. 

Calcined with powdered charcoal, it contrafted no ful- 
phureous fmell, and the acids had no more a&ion upon it than 
before. It therefore contains no gypfeous matter, or combi¬ 
nation of calcareous earth with vitriolic acid; as that acid 
would have formed fulphur with the inflammable principle of 
the charcoal, and left the calcareous earth pure, or in a ftate 
of folubility by acids. 

Some of the clay was calcined with an equal weight of fait 
of tartar, which, for the greater certainty in regard to its 
purity, had been run per deliquium , and afterwards evaporated 
to drynefs. < The calcined mixture was boiled in water, the 
filtered liquor (lowly evaporated, and fuffered to cool at inter¬ 
vals. No cryftallization was formed: the dry flit appeared 
merely alkaline as at firft, and deliquiated in the air; a further 
proof that this clay contains no gypfeous matter; for the vitri¬ 
olic acid would have been abforbed by the alkali, and formed 
vitriolated tartar, a fait which neither liquefies in the air, 

U u 2 nor 
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nor diflolves eafily in water, and which therefore would have 
cryftallized long before the alkali became dry, or remained: 
after its deliquiation. 

A twentieth part of gypfurn, ground with day, was very 
diftinguifhable by both the foregoing procefies; producing a 
fulphureous fmell, and calcareous earth by calcination with 
charcoal powder; and cryftals of vitriolated tartar by calcina¬ 
tion with the fame alkaline fait. 

To feparate the pure argillaceous part, or that matter which 
in all clays forms alum with the vitriolic acid, 240 grains of 
this clay were thoroughly moiftened with oil of vitriol, boiled 
to drynefs, and at laid made nearly red-hot* The mixture was 
then boiled in water; the earth which remained undiffolved 
was treated again in the fame manner with vitriolic acid, and 
this operation repeated five or fix times. The clay was dimi- 
nifhed in the fir ft operation about 70 grains; but lefs and lefs in 
the fucceeding ones, and in the laft fcarcely two grains. The 
filtered liquors yielded cryftals of- true alum ; but its quantity 
was not examined, as the produce of alum from aluminous 
earth is already fufftciently known, and the quantity of alu¬ 
minous earth itfelf, or its proportion to the indiffoluble earth, 
was here the objeft. From the 240 grains of clay there re¬ 
mained in one experiment 98, and in another 95 grains of 
indiflbluble earth; fo that five parts of this clay confift of 
three parts of pure argillaceous or alum earth, and two parts 
of an earth of a different kind. 

With refpeft to the nature of this laft earth, it is eafier to 
determine negatively what it is not, than pofitively what it is; 
but afcertaining the former will be a great ftep towards the 
difcovery of the latter. 
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That it is not calcareous, gypfeous, or argillaceous, is ma- 
nifeft from the experiments.—It is not jafper; as this conilfts, 
in great part, of argillaceous earth, which would have been 
extracted by the vitriolic acid.—It is not fluor; as this, by the 
fame acid, would have been dccompofed, its own acid expelled, 
and a gypfeous earth left.—-It is not of the micaceous kind ; as 
the peculiar afpedt of thefe earths would readily betray them 
to the eye.—It is not granite; for ftrong fire, which granite 
melts in, has no effedt upon this. 

Nor is there any known kind of earth to which it is in any 
degree fimilar, except thofe of the filiceous order; and with 
thefe it perfectly agrees in all the properties, I am acquainted 
with, that they poffefs in a date of powder. 

It does not vitrify or foften with pure clay, in the drongefl 
fire I have been able to produce. Nor is it difpofed to melt 
with the matter of Heffian crucibles; for a little of it rubbed 
on the in fide of a crucible, and urged with flrong fire, .conti¬ 
nued white, powdery, and unaltered. Thirty grains of this 
earth were mixed with an equal weight of dry foffil alkali, 
and the fame quantity of a fine white quartzy fand was mixed 
with the fame proportion of the fame alkali: the two mixtures 
were put into two fmali crucibles, which were furrounded 
with fand in a larger one, that both might be expo fed to an 
equal heat. They both began to melt at the fame time; and 
at about 8o c of the thermometer they had formed perfect 
tranfparent glades. 

Though thefe properties may not, perhaps, be thought fuf- 
ficient of themfelves, for determining with certainty that this 
fubflance is of the filiceous kind ; yet, when joined to the ne¬ 
gative proofs, of its not belonging to any other known order 

of 
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of earthy bodies, they afford the fullefl evidence which the 
nature of the fubjeft can admit of, that the indifloluble part 
of this clay is truly filiceous; and confequently that the clay 
confifts of two parts of pure filiceous earth, to three parts of 
pure argillaceous or aluminous earth. 




